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Abstract

Stage I

Stage II

We created an optical setup that detects single photons using Type-I
spontaneous parametric down conversion. A laser diode creates violet
405nm photons that are split into pairs of infrared 810nm photons and
are detected in coincidence. Incorporating a Mach-Zhender
interferometer allows us to observe the particle-wave duality of light. We
found a value of 𝑔𝑔(2) 0 to be 0.0014 ± 0.001.

Starting from the basic setup, we place a beam splitter in front of one
infrared beam, sending the light to detectors B and B'. In a wave model,
both B and B' could register a photon at the same time, so there will
always be ABB' coincidences. In the particle model, light can only go to B
or B’, so the rate of ABB' coincidences will be close to zero.

Starting from the setup in Stage I, two mirrors are placed in front of the
paths of the infrared photon beams, which then focus the beams to a
second beam splitter. This is the Mach-Zehnder interferometer, it
separates light into two paths and recombines them, such that they
interfere. Making the path length exactly equal causes 100% of the light
to hit B’ and 0% to hit B. Increasing the length of the path by just half the
wavelength causes 0% of the light hitting B’ and 100% of it hitting B. This
probability for a certain detector will oscillate as you change the path
lengths. The evidence for particle-wave duality appears as we repeat the
experiment many times and compare the numbers of AB and AB’
coincidences to get a probability. Then by moving the mirror with a
piezoelectric stack, we can change the length of one arm to obtain data
again.

Introduction

Light possesses both particle and wave properties, this can be shown
through the use of single-photon sources and detectors. We placed a BBO
crystal in front of the 405nm single-photon beam, some of the incident
photons get converted into pairs of 810nm photons with an angle of 3⁰
from the incident beam.

The interferometer has been set up, however, evidence for both particle
and wave nature has not yet been recorded.

Procedure
We use a diode laser at 405nm to create a pair of photons with a known
angle between them. One photon enters detector A, and acts like a gate
to look for photons coincident with it, that is, photons arriving at nearly
the same time in a another detector. The other photon goes into an
apparatus ending up in detectors B or B’. These detectors are connected
to single photon counting modules (SPCMs) which are connected to a
Altera DE2 FPGA computer board that calculates the coincidences and
sends that information to our computer. We can then use a LabView
program to keep track of the counts and coincidences, analyzing these
data allows us to find evidence of the photon nature of light (Stage I), or
evidence for both the photon and the wave nature of light (Stage II).

Figure 2: The optical apparatus for Stage I. This is set up in a way to verify that the
laser diode produces photons.

Results
The data shown below in Table 1 show evidence of the particle nature of
light. They show that the probability of a triple coincidence is extremely
unlikely. We used the number of coincidence counts for AB, AB’ and ABB’
to find the value of the second-order coherence function, 𝑔𝑔(2) 0 , shown
in Figure 3. If the value of this function has a value greater than or equal
to one, it indicates the classical wave behavior of light, if it has a value less
than 1, this is evidence of quantum behavior.
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Table 1: The total photon counts for the A, B, and B’ detectors. Including AB
coincidence counts, AB’ coincidence counts, and ABB’ coincidence counts.
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Figure 1: An overhead picture of the Stage II setup
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Figure 3: The equation used to calculate 𝑔𝑔(2) 0 , which tells us how often we
detect two coincident photons at the two outputs of the beam splitter. In our case,
B and B’.

Figure 4: The optical apparatus for Stage II. This is the finalized setup, it includes a
Mach-Zehnder interferometer to show particle-wave duality.
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